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Introduction
Neuroendocrine tumors (NETs) form a heterogeneous group of relatively rare neoplasms that originate from different types of neuroendocrine cells (Modlin et al. 2008) . The incidence and prevalence of gastroenteropancreatic NETs (GEP-NETs) have shown a remarkable increase over the past three decades. The United States Surveillance Epidemiology and End Results (SEER) database and several other European databases currently estimate the GEP-NET incidence at between 2.5 and 6.2 cases/100 000 population (Fraenkel et al. 2012) . Whether this is a true increase in incidence, the result of an increased use of imaging techniques, or a combination of the two has not been established yet.
Despite the constantly increasing incidence and prevalence of GEP-NETs, treatment options remain limited. Clinical symptomatology in patients with functioning well-differentiated GEP-NETs has already been successfully treated with somatostatin analogs for more than 25 years. Furthermore, in patients with metastatic NETs of the small intestinal tract, treatment with octreotide long-acting repeatable (LAR) i.m. 30 mg/month resulted in an increase in time to progression from 6 to 16.3 months when compared with placebo (Rinke et al. 2009 ).
However, upon progression, peptide receptor radionuclide therapy (PRRT) with radiolabeled somatostatin analogs has been shown to be effective regarding tumor control (Bergsma et al. 2012) . Although 177 Lu-octreotate is being increasingly used, there are limitations to its use and some patients who initially responded may became refractory after a certain number of treatment cycles necessitating further treatment.
Everolimus, an mTOR inhibitor, has been shown to be a promising anti-tumor agent for patients with welldifferentiated (WHO grades 1 and 2) GEP-NETs with progressive disease (PD), with a well-established safety profile (Yao et al. 2008 , Pavel et al. 2011 ). In the randomized phase III RADIANT-3 study, everolimus therapy was associated with a 2.4-fold improvement in median progression-free survival (PFS) in patients with progressive pancreatic NETs (pNETs) compared with placebo. Median PFS was 11 months in the everolimus arm compared with 4.6 months in the placebo arm (HR, 0.35; 95% CI, 0.27-0.45; log-rank test, P!0.0001; Yao et al. 2011) .
In another randomized phase III RADIANT-2 study in advanced mainly gastrointestinal (GI) NETs associated with carcinoid syndrome, it was demonstrated that everolimus plus octreotide LAR provided clinically meaningful 5.1-month improvement in PFS, which was not statistically significant, when compared with patients receiving placebo plus octreotide LAR (Pavel et al. 2011) .
However, there are currently no data regarding the toxicity and efficacy of everolimus after prior treatment with 177 Lu-octreotate radionuclide therapy. The aim of this study was to investigate whether the safety and efficacy profile of everolimus in patients who have progressed after 177 Lu-octreotate radionuclide therapy is different from the already known profile.
Subjects and methods

Patients
All patients with well-differentiated or moderately differentiated (grades 1 and 2) GEP-NETs that received any dose (10 or 5 mg) of everolimus at least once immediately after documented progression following 177 Lu-octreotate therapy were included in this multicenter study. We retrospectively studied 24 patients with GEP-NETs, treated in three institutions in The Netherlands, Brazil, and Greece between 2010 and 2012. We retrospectively screened 30 patients for inclusion in this study. Patients were eligible to be included in the study if they had a grades 1 and 2 GEP-NETs, a WHO performance status of 2 or less, hemoglobin levels of R8.9 g/dl, and a creatinine clearance above 50 ml/min at baseline. Other prior antitumor therapies were not considered to be exclusion criteria. Six patients were excluded from this study: one patient had a primary lung NET, two patients had a WHO performance status of 3, two patients had a hemoglobin of !8.9 g/dl, and one patient whose follow-up data were missing.
According to the grading system proposed by the European Neuroendocrine Tumor Society (ENETS) -WHO, grade 1 (Ki-67 %2%) and grade 2 (Ki-67 2-20%) tumors are regarded as well-differentiated and moderately differentiated tumors (Rindi et al. 2006 (Rindi et al. , 2007 . At baseline, all patients had radiological documentation of PD according to Response Evaluation Criteria in Solid Tumors (RECIST), version 1.0 (Therasse et al. 2000) .
All patients had given informed consent to participate in the 177 Lu-octreotate therapy series. Furthermore, the study was conducted in accordance with Good Clinical Practice principles and applicable local regulations.
Safety and efficacy assessments
The primary end point of this study was the retrospective evaluation of the safety profile of everolimus in patients previously treated with 177 Lu-octreotate radionuclide therapy. Patients were historically assessed for safety parameters at baseline, including previously reported adverse events during 177 Lu-octreotate radionuclide therapy and specific laboratory values. Baseline was defined as last documented parameters prior to initiation of everolimus (10 or 5 mg) therapy. All patients were seen in clinical settings at 40-day intervals with laboratory tests (including biomarkers), physical examination, and toxicity assessment. Tumor measurements (assessed by computed tomography (CT) and/or magnetic resonance imaging) were performed at baseline and every 120 days unless there were any new symptoms. Chest imaging (chest X-ray or chest CT) was performed to document or exclude interstitial lung disease in all centers. These follow-up intervals (1-3 months) were taken into consideration retrospectively as documented by each individual institution. Follow-up intervals were similar to the intervals in the RADIANT-3 study (Yao et al. 2011) .
Adverse events were assessed according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE), version 3.0 (http://ctep. cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf). Doses of everolimus were reduced and/or dose intervals were increased (5 mg daily or 5 mg every other day) when patients had clinically significant adverse events that were considered to be related to the treatment with everolimus. Treatment continued until the development of an unacceptable adverse event, PD, or death.
Secondary end points included PFS, objective response rate, duration of response, symptom control, and tumor marker control. All patients were assessed for efficacy according to RECIST, version 1.0 (Therasse et al. 2000) . PFS was documented according to RECIST, version 1.0 and defined as the time from initiation of everolimus therapy to the first radiological documentation of PD or death from any cause.
Statistical analyses
PFS was analyzed using Kaplan-Meier methods. Calculations were performed using Statistical Package for Social Sciences (SPSS) software, V.20.0.
Results
Patients and treatment
Between September 2010 and July 2012, a total of 24 NET patients -13 men and 11 women -from three centers in three countries were initiated on everolimus after tumor progression following 177 Lu-octreotate radionuclide therapy. The median interval between last 177 Lu-octreotate therapy and start of everolimus treatment was 18.7 months (range 2.9-47.6 months). The demographic and baseline clinical characteristics of the 24 patients are listed in Table 1 . Patients had a median age of 60.0 years (range 32.2-65.9 years) at start of treatment with everolimus. The median interval between the initial diagnosis of the NET and the initiation of everolimus therapy was 64.2 months (range 9.9-273.5 months). The median follow-up of the study population was 11.0 months (range 1.9-28.9 months). pNETs (75%) were the most common primary tumors when compared with NETs arising in the digestive tract (25%). Metastases were demonstrated in 23 patients (95.8%), main localizations were liver (91.7%) and lymph nodes (50%). The majority of patients (95.8%) included in our study were diagnosed with ENETS stage IV disease (Rindi et al. 2006 (Rindi et al. , 2007 . Information on tumor grading was available for 21 patients (87.5%): 7 (29.2%) were welldifferentiated (grade 1) and 14 (58.3%) were moderately differentiated (grade 2).
Information regarding previous treatment regimens and interventions, responses and duration of responses is listed in Tables 2 and 3. Patients were treated with a median dose of 177 Lu-octreotate of 37.0 GBq Twenty-two patients started with a daily dose of 10 mg everolimus and two patients started with a daily dose of 5 mg. Dose adjustments were required in 16.7% of the patients (two temporary reduction to 5 mg (8.3%) and two definite reductions to 5 mg (8.3%)). Temporary interruptions were required in 29.2% of the patients. The median cumulative time of treatment with everolimus was 10.2 months (range 0.6-25.4 months). At the time the analysis was performed, treatment was ongoing for 45.8% of the patients. The primary reasons for discontinuation of treatment included radiological confirmed PD (29.2%), development of an unacceptable toxic adverse event (16.7%), and death (8.3%).
Safety
Most adverse events in the current study were grade 1 or 2. Table 4 shows the adverse events of everolimus and 177 Lu-octreotate therapies in patients with metastatic well-differentiated and moderately differentiated GEP-NETs compared with that reported in the RADIANT-3 trial (Yao et al. 2011 ) and the Rotterdam 177 Lu-octreotate trial (Kwekkeboom et al. 2008) . The newly occurring adverse events after initiation of everolimus therapy in this study and those in patients treated with everolimus after failure of cytotoxic chemotherapy (Yao et al. 2010) are also listed in Table 4 .
Most common new clinical adverse events occurring after initiation of everolimus therapy in this study were oromucosal sequelae (41.7%), pneumonitis (37.5%), fatigue (33.3%), peripheral edema (25%), and rash (25%). Drug-induced pneumonitis was mainly a radiological finding (1-9 months after initiation of everolimus therapy) without clinical consequences and did not lead to interruption or discontinuation of everolimus therapy. The most common grade 3 or 4 drug-related adverse events that occurred after initiation of everolimus therapy were hyperglycemia (12.5%), fatigue (8.3%), thrombocytopenia (8.3%), and elevated alanine transaminase levels (8.3%).
Efficacy
The median PFS in our study was 13.1 months (95% CI 11.5-21.2; Fig. 1 ). Best objective response rates were a partial response (PR) in 16.7% of the patients and stable disease (SD) in 62.5% of the patients whereas 12.5% of the patients continued having PD.
Discussion
In this retrospective study, we evaluated the safety and efficacy profile of everolimus in well-differentiated or moderately differentiated (grades 1 and 2) GEP-NET patients with documented disease progression after prior treatment Lu-octreotate therapy and start of everolimus treatment was 18.7 months. Even 12 months after the last cycle of 177 Lu-octreotate, tumor responses can be observed (Kwekkeboom DJ, personal communication 2012) . This international, multicenter study is, to our knowledge, the first study in which the occurrence of grades 1-4 toxicities in patients treated with everolimus after peptide receptor radiotherapy was compared with the published safety profile of everolimus in GEP-NETs. Our findings with respect to safety were consistent with the known safety profile of everolimus established in earlier phase II and III studies, and most adverse events were either grade 1 or 2 (Yao et al. 2008 , Pavel et al. 2011 . However, our results are not directly comparable with the results of prospective trials (RADIANT-trails) due to different study designs.
The most common drug-related adverse events in our study were oromucosal sequelae, which generally resolved during treatment. Other common and frequent adverse events were pulmonary (non-infectious pneumonitis and interstitial lung disease), fatigue, peripheral edema, and rash. Most adverse events were easily manageable, as evidenced by the low rate of discontinuation of treatment (16.7%).
We consider our patients to be a heavily pretreated group. The majority of our patients had received prior treatment with somatostatin analogs, chemotherapy, or a combination of those therapies. Somatostatin analog treatment was continued in all patients during treatment with everolimus in our study. All patients received treatment with 177 Lu-octreotate and it is commonly known that with this therapy high cumulative dosages can cause serious side effects, including kidney failure, cytopenias, or myelodysplastic syndrome (MDS; Bergsma et al. 2012) . With this knowledge, drug-related kidney failure was monitored in this study. However, data from the Rotterdam 177 Lu-octreotate trial show that serious hematological toxicity, MDS, and liver toxicity are relatively rare and occur in w1% of the patients (Kwekkeboom et al. 2008 , van Essen et al. 2010 . Everolimus therapy can be associated with mild lymphopenia and neutropenia. In the current study, no MDS was reported, only two patients had a grades 1 and 2 infection and no grade 3 or 4 drugrelated infections were reported. Grade 3 or 4 drug-related kidney failure and elevated transaminases occurred in 4.2% of the patients. The kidney failure can be most probably explained by the combined effect of the two therapies. Therefore, we can conclude that everolimus is well tolerated with regard to bone marrow function if PRRT has not lead to ongoing bone marrow suppression.
PFS results of this study are similar to the prolonged PFS that was reported in earlier phase II and III randomized trials, which included patients with advanced pNETs and gastrointestinal NETs (Yao et al. 2008 , Pavel et al. 2011 In the initial open-label phase II study conducted at The MD Anderson Cancer Center (Houston, TX, USA), octreotide LAR (30 mg i.m.) with everolimus (5 or 10 mg), a median PFS of 11.6 months (95% CI 7.1-16.1), was found (Yao et al. 2008) . In another open-label phase II study (RADIANT-1), patients were treated with everolimus in one arm vs a combination of everolimus and octreotide LAR i.m. in the other arm. Median PFS in the everolimus arm was 9.7 and 16.7 months in the everolimus plus octreotide LAR arm (Yao et al. 2010) . In another randomized phase III RADIANT-2 study in advanced NETs associated with carcinoid syndrome, it was demonstrated that everolimus plus octreotide LAR provided a clinically meaningful 5.1-month improvement in PFS in this patient population when compared with patients receiving placebo plus octreotide LAR (Pavel et al. 2011) . The largest clinical trial, RADIANT-3, was a double-blind, placebo-controlled, randomized phase III study. In this study, everolimus therapy was associated with a 2.4-fold improvement in median PFS when compared with placebo (11.4 vs 4.6 months; Yao et al. 2011) .
The median PFS of our current study was longer when compared with the RADIANT-3 trial (13.1 vs 11.4 months) and shorter when compared with the RADIANT-1 trial (13.1 vs 16.7 months). In the majority of patients (62.5%), SD was the best response, and PR was observed in 16.7% of patients. These results are similar to the response rates in the RADIANT-3 study. In this study, SD was achieved in 73% of patients (Yao et al. 2011) . Also in line with the RADIANT trials, a proportion of our patients (58%) was treated with somatostatin analogs. A potential bias with respect to the ongoing use of somatostatin analogs can, therefore, not be excluded. Together, the results support the clinical relevance and tolerability of everolimus in pNET and potentially in gastrointestinal NETs. Multicenter international trial with everolimus is still ongoing in patients with non-pNETs.
In conclusion, our results for pNET demonstrate that everolimus is an important and safe new drug option, including for those patients who show tumor progression after 177 Lu-octreotate radionuclide therapy.
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